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Example of a first building block 



Functional Entity 



Functional Entity Reactive Groups 




Functional 
Groups 



Cleavable Linker 



Spacer Reactive Group 



A 

C 

C 

A 
G-C 
C-G 
G-C 
G:U 
A-U 
U-A 

U-A CU A 

_ A U GACAC A 

U^A A i i i i i g 

v CUCG CUGUG TTTI C 

X . ■ . . c uu 

G GAGC 



Spacer Reactive Group 



G G A 



G A U G 
C - G G 
C-G 
A-U 
G-C 
A-U 
C A 
U A 



G A A 



Complementing element 
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Fig. 4B 



Example of a second building block 



Spacer Reactive Group 



U CUCG 

7-, . GAGC 
GgA G 




Spacer Reactive Group 



C-G 
C-G 
A-U 
G-C 
A-U 
C A 

A 



GACAC A 
■ i i i i g 

c c UGUG uu c 

A^G 



cuu 



Complementing element 
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Enzymatic charging of tRNAs catalysed by amino acid tRNA 



ATP 




R 



H 2 N yX Q © -iRibose^Ad^l 



adenylated amino acid 



(E KRibose 

AMP 




tRNA 



tRNA 

q/^ aminoacyl tRNA 
H 2 N 



Fig. 5B 



Chemical aminoacylation of tRNAs 



NH 2 




N 
*1 



OH OH 



Step 2: 



tRNA(-pCpA) + 
O 



pdCpA 



^1L,NHP 
R H 



R vH 



NH 2 

•N 
s N^O 



DMF 
nBu 4 N + OAc" 

R = amino acid side-chain 
P = protecting group 



c 

O N 
-O-P-O-i o I 

O- K_y NH 2 

-o-p-o 



P ,°, NHP 



O R H 



1.T4RNA ligase 



2. Removal of protecting group 



tRNA 



o 

^IL/NHP 
R H 
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Bond formation between functional entities and 
activation of the templated molecule 



HN >=0 




PG-HNL 



L H o Rx H o Rx H " - 



Deprotection 
(e. g. UV-light) 



HN >=0 



HN^J^ H 2 N S 



H o Rx H o Rx H 8 Rx 



>-S H 2 N 
HN >=0 




H 0°Y°H 0°Y°H O | H 
kHORxHo RxHORx 



First reaction 
(e.g. pH8.5) 



Second reaction 



CSO 




,O^OH 




h oVh 9°Y°h o S h 

I H 6 RxH 6 Rx H O 



Rx 



Activation 
(e.g..pH>10) 



H O y H O Y ^ 9 
^HoRxH^RxH 
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alpha-helix display of functional entities 



A: 



9 _ 2 




SA 



B: 



^ f <f <f 



I 



Polymerisation 



N-term 



-Template 



I" 



Activation" 



N-term 




Template 



Select candidates 



I 



Amplify template 
| RNA synthesis 

I Puromycin/DNA tagging 
of the RNA template 



i 



Translate 
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Coiled-coil display of functional entities 



N-tei 




20 A 



Template 



N-terrrv 



Polymerisation 




20 A 



Template 



"activation" 



N-tei 




*^^A^Template 



' ; — i 

20 A 



Select 
Amplify 



! 



Puromycin/DNA tagging 
RNA synthesis 

Translation 



I 



SUBSTITUTE SHEET (RULE 26) 



WO 2004/110964 



PCT/DK2004/000416 



22/68 

- Display of functional entities by a collagen-like triple helix structure 



9A 

I 1 



N-term 




| Polymerisation 
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Cleavable linkers and protection groups, cleaving agents 
and cleavage products. 



A. Base (nucleophilic) cleavage. 

_/ OH O 

— \ =s^- — \ + HO— 

O— OH 



O— 



HNR- 



-< — - 



NR 2 



HO— 




8. Photocleavage 
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Fig. 10, continued 

C. Acid cleavage 




| R"OH 




D. Catalytic cleavage. 




HOR' 
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Fig. 10, continued 

E. Enzymatic cleavage. 

O Q 

Jl ti a Chymotrypsin it urx 

R = N T V — «v J V NH » ♦ V A ' 

0 n 
II R Chymotrypsin n 

Ar^N>^o x — Ar -^ OH + HOR 



F. Cleavage by temperature increase. 



OH- 

+ I 

— N-R' 
I 



N-R' 



G. Miscellaneous 

H 




HOR' 
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Fig. 11 

Polymerization by reaction between neighboring reactive groups. 
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Fig 12. Polymerization between neighboring 
non-identical reactive groups. 



© 



incorporation 



x. 



-Y X-4— Y 




incorporated building blocks ieact 



© © 



x- 



-Y X- 



^ Incorporation and reaction 

© © © 



x. 



-Y X. 



-Y X- 
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Fig. 13. Cluster formation in the absence of directional 
polymerization. 



© ® ® ® 0 



X- 



-Y X- 



-Y X- 



-Y X- 



•Y X- 



rotation about linker-bond 



© © ® © © 



X- 



-Y X- 



-Y Y- 



-X Y- 



■X X- 



X and Y reacts 



© © © © © 



X- 



-Y— X- 



-Y Y- 



-X— Y- 



-X X- 



no further reaction possible 



SUBSTITUTE SHEET (RULE 26) 



WO 2004/110964 



PCT/DK2004/000416 



30/68 

Fig 14. Zip ping-polymerization and simultaneous activation. 




I Incorporated monomer no. i 
T reacts with monomer no. i-1 
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Example 1 . Polymerization and activation (thioesters) 



A. 



\ "A 

y — R1 y — F 
)=< o=< 



NH 

r 



nucleophilic attack 



R1 
-R2 

S S 



I 



next -monomer incorporated 




-R1 

NH H 2 N 
V-R2 \-R 3 

o=< o=< 

c c c 

nucleophilic attack 



NH 

r r f 1 



R1 

NH 

R2 
■R3 

S S S 
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Fig. 14, continued 



B. 





Increasing reactivity of thioester 
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Fig. 15 

"Fill-in" polymerization (symmetric XX monomers). 
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Fig. 15, continued 

Example 3. Polyurea formation 




activate, deprotect 

v 
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Example 4. Chiral and achiral polyamide backbone formation 

IjtHjJHj NH 2 IjlHj NH 2 NH 2 



A. 



pjHa pjfH, NHmh 2 NH a MH 2 H 



1 



R„ 
I 



j_ 



Rx 
l 



activate 



Rx R x Rx R x 



B. 



<PM<H 2 NH^j,H 2 NH 2 NH 2 k,h 2 NH 2 „ ^ 

V 9 y- ; 9 



I 

R. 
_L 



I 

Rx 

JL_ 



I 

Rx 
i 



Rx 



Lv^Lv 



activate 



Rx 
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Fig. 15, continued 

Example 5. Polyphosphodiester formation 
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Fig. 15, continued 

Example 6. Polyphosphodiester formation with one reactive 
group in each monomer building 



HO-P— Lv 
O 



O 
II 

Lv— P— Lv 

O 
I 

Rx 



O 
li 

Lv— P— Lv 

O 
I 

Rx 



HO 




activate 
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Fig. 15, continued 

Example 7. Pericyclic, "fill-in" polymerization 
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Fig. 16. "Fill-in" polymerization (asymmetric XS monomers). 
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Fig. 17 

"Zipping" polymerization 



I 



© © © 



X- 



-Y X- 



-Y X- 



lmtiator 



| Acti 



Activate initiator 




X- 




-Y X- 




-Y X- 



Initiator attacks neighboring X 



(5 


P © © 




— Y X- 


— Y X- 


— Y 



^ Reaction activates reactive group Y 

© © © 
■x — ©— ►x- 



-Y X- 
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® ® 



•X- 



-Y X- 



-Y X- 
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Fig. 17, continued 

Example 1. Radical polymerization 
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Fig. 17, continued. Example 2. Cationic polymerization 
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Fig. 18. Zipping polymerization by ring opening. 



X Y 



X Y 





X Y 




initiator 



Activate initiator 



©— ►X Y X Y X Y 






J 



Initiator reacts with neighboring 
reactive group x, resulting in ring- 
opening and activation of Y for reaction 
withX 



X © — ► X 



X Y 





Activated Y reacts with X in neighboring 
ring-structure 



•X Y- 



-X Y 
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Fig. 18, continued. Example 1. 

"Zipping" polymerization of N- 
thiocarboxyanhydrides, to form B-peptides. 



ih-PG 



XXX 

S"^NH S'^^NH S'^NI 

> v ° V °v 



Initiator 



amine deprotection 



X X 

O NH, S NH 3 IS 

r "V o v - v 

\ xRx ^Rx ^Rx 



"zipping" 



0 NH, 



^Rx ^-Rx ^Rx 
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Fig. 18, continued. Example 2. "Zipping" 
polymerization of 2,2-diphenylthiazinanone units 
to form B-peptides. 
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Fig. 18, continued. Example 3. Polyether 
formation by ring-opening polymerization. 



PG 



<° r r r r 

Rx Rx Rx Rx Rx 

l I I L_ 



deprotect initiator 
O t-O v-O v— O 



I 

<°~ r r r y 

Rx Rx Rx Rx Rx 

l I I I L 

nucleophillc attack 



n°~ r r y 



i 

Rx Rx Rx Rx Rx 

I I L 

| activate 

Rx Rx Rx Rx Rx 
+ 

i i i 
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Zipping-polymerization and activation by rearrangement. 

m f f f 



Initiator 



4 



Activate initiator 
Y Y Y 



4 



Reaction 
>Y Y Y 



T/ T Y Y 
j i i i 



^ Rearrangement 
✓Y ^ Y Y 
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Fig. 20. Zip ping-polymerization and activation by ring opening. 

X X X 

m X Y X Y X Y 

I v id 

initiator i 

Activate initiator 




XXX 

rX Y X Y X Y 

V V V 



i 



Initiator and X reacts, resulting in ring-opening 
and activation of Y. The functional entity is 
simultaneously released from complementing 
element 



X_X X 

■X g) ► X Y X Y 

Y Y 



I Po lymerisation and linker cleav age mi grates 
T along the spacer backbone 

XXX 



r 



X Y X Y X Y 
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Fig. 21. 

Directional polymer formation using fixed functional units. 



A. 



Qy oy oy 

X-H— Y X-Ht-Y X-P-Y X-H-Y X-H-tY 



X and Y reacts 



Qy oy 

x JX-Y— X-P-Y— X-X-Y - X -H- \ — V 
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Fig. 22. Templated polymers. 

• alpha-, beta-, gamma-, and omega-peptides 

• mono-, di- and tri-substituted peptides 
L- and D-form peptides 

cyclohexane- and cyclopentane-backbone modified beta-peptides 

• vinylogous polypeptides 
glycopolypeptides 
polyamides 

vinylogous sulfonamide peptide 
Polysulfonamide 

conjugated peptide (i.e., having prosthetic groups) 

• Polyesters 
Polysaccharides 
Polycarbamates 

• Polycarbonates 
Polyureas 

poly-peptidylphosphonates 
Azatides 

• peptoids (oligo N-substituted glycines) 

• Polyethers 
ethoxyformacetal oligomers 
poly-thioethers 
polyethylene glycols (PEG) 
Polyethylenes 

• Polydisulfides 
polyarylene sulfides 
Polynucleotides 
PNAs 

LNAs 

Morpholinos 
oligo pyrrolinone 

• polyoximes 

• Polyimines 
Polyethyleneimine 

• Polyacetates 

• Polystyrenes 
Polyacetylene 

• Polyvinyl 
Lipids 

Phospholipids 

• Glycolipids 

• polycycles (aliphatic) 
polycycles (aromatic) 
polyheterocycles 
Proteoglycan 
Polysiloxanes 
Polyisocyanides 
Polyisocyanates 

• Polymethacrylates 
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Fig. 23. Precursors - examples. 

N-carboxyanhydrides (NCA) 
N-thiocarboxyanhydrides (NT A) 
Amines 

• Carboxylic acids 
Ketones 
Aldehydes 
Hydroxyls 
Thiols 

• Esters 
Thioesters 

• conjugated system of double bonds 
Alkyl halides 

Hydrazines 

N-hydroxysuccinimide esters 

• Epoxides 

• Haloacetyls 
UDP-activated saccharides 
Sulfides 

Cyanates 

Carbonylimidazole 

Thiazinanones 

Phosphines 

Hydroxylamines 

Sulfonates 

• Activated nucleotides 
Vinylchloride 
Alkenes, quinones 
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Fig. 24. Functional groups - examples. 

Hydroxyls 

Primary, secondary, tertiary amines 

• Carboxylic acids 
Phosphates, phosphonates 
Sulfonates, sulfonamides 

• Amides 
Carbamates 
Carbonates 
Ureas 

Alkanes, Alkenes, Alkynes 

Anhydrides 

Ketones 

Aldehydes 

Nitatrates, nitrites 

Lnines 

Phenyl and other aromatic groups 

Pyridines, pyrimidines, purines, indole, imidazole, and heterocyclic bases 

Heterocycles 

polycycles 

Flavins 

Halides 

• Metals 

• Chelates 

• Mechanism based inhibitors 

• Small molecule catalysts 
Dextrins, saccharides 

Fluorescein, Rhodamine and other fluorophores 
Polyketides, peptides, various polymers 

• Enzymes and ribozymes and other biological catalysts 

Functional groups for post-polymerization/post activation coupling of functional 
groups 

Drugs, e.g., taxol moiety, acyclovir moiety, "natural products" 

Supramolecular structures, e.g. nanoclusters 

Lipids 

• Oligonucleotides, oligonucleotide analogs (e.g., PNA, LNA, morpholinos) 
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Fig. 25. Polymers and the functional entitles required to make them 

A. 



Polymer 


Functional Entity 
(reactive groups) 


Linking molecule 


Cataiyst/reaqeni 


General 
Figure 


Specific 
Figure 


poly cyclic 
compound 


di-coumarin 




light 


Fig. 11 


Fig. 11. ex. 1 


polyester 
polyester 


alcohol, carboxylic acid 
hydroxyl, thioester 




carbodiimide 


Fig. 12, 
Fig. 21 




polyurea 


di-amine 


carbonyldiimidazole 




Fig. 14 
Fig. 15 


Fig 15, ex. 3 


polyacetate 


halogen, carboxylic acid 




base 


Fig. 12. 
Fig. 21 




polyacetate 


alcohol, carboxylic acid 




EDC or other 
carbodiimide 


Fig. 12. 
Fig. 21 




polycarbamate 


alcohol, isocyanate 






Fig. 12, 
Fig^l 




3olycarbonate 


diol 


carbonyldiimidazole 




Fig. 15 


- 


peptoid 


secondary amine, a- 
haloacetyl 






Fig. 12. 
Fig. 21 






primary amine, a- 
haloacetyl 




alkylating agent 


Fig. 12. 
Fig. 21 
















glycogen 


UDP-giucose 




glycogen 
synthetase 


Fig. 12, 
Fig. 21 




polysaccharide 


UDP-activated 
saccharides 




polysaccharide 
synthetases 


Rg. 12. 
Rg.21 




polysaccharide 


glucosyi 

sufphide/sulfoxide 
activation system (Kahne 
glucosylation) 




<ahne conditions 1 


ig. 12, 
='g. 21 
















polyamide 


amine, N- 

lydroxysuccinimide ester 






r g. 12, 
^g. 21 




polyamide ; 


amine, carboxylic acid 


c 


carbodiimide 


r ig. 12. 
: ig. 21 
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Polymers and the functional entities required to make them. 

B. 



Polymer 


Functional Entity 
(reactive groups) 


Linking molecule 


Catalyst/reagent 


General 
Figure 


Specific 
Figure 


polyamide 


di-amine 


di-carboxylic acid 


carbodiimide 


Fig. 15 


Fig. 15, ex.2 


polyamide 


di-carboxylic acid . 


di-amine 


carbodiimide 


Fig. 15 




polyamide 


amine, carboxylic acid 


amine, carboxylic _ 
acid 


carbodiimide 


Fig. 16 
















a-polypeptide 


carboxyanhydride (5- 
membered ring) 






Fig. 18 




P-polypeptide 


carboxyanhydride (6 
membered rinp) 






Fig. 18 


Fig. 18, ex.1 


y-polypeptide 


carboxyanhydride (7- 
membered ring) 






Fig. 18 




a-polypeptide 


2,2-diphenylthiazinanone 
(5-membered ring) 






Fig. 18 




p-polypeptide 


2,2-diphenylthiazinanone 
(6-membered ring) 






Fig. 18 


Fig. 18, ex.2 


Y-polypeptide 


2,2-diphenylthiazinanone 
(7-membered ring) 






Fig. 18 
















a-polypeptide 


amine, thioester 






Fig. 14 




P-polypeptide . 


amine, thioester 






Fig. 14 


Fig. 14, ex.1 


y-polypeptide 


amine, thioester 






Fig. 14 




(o-polypeptide 


amine, thioester 






Fig. 14 


• 














polysulfonamide 


amine, sulfonic acid 




carbodiimide 


Fig. 12, 
Fig. 21 
















polyphosphonate 


di-alcohol 


activated 
phosphonate 




Fig. 15 




polyphosphonate 


di-alcohol 


activated 
alkylphosphine 


oxidating reagent, 
e.g. tert- 

butylhydroperoxid 
e 


Fig. 15 




polyphosphate 


di-alcohol 


diaminoalkoxy- 
phosphine 


oxidating reagent, 
e.g. tertbutyl- 
hydroperoxide 


Fig. 15 
















polyphosphodiester 


did 


diaminophosphine 


oxidant (ButOOH) 


Fig. 15 


Fig/ 15, ex. 5 


polyphosphodiester 


diaminophosphine 


diol 


oxidant (ButOOH) 


Fig. 15 


Fig. 15, ex. 6- 
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Polymers and the functional entities required to make them. 

c. 



Polymer 


Functional Entity v 
(reactive groups) 


Linking molecule 


Catalyst/reagent 


General 
Figure 


Specific 
Figure 


polyurethane 


diamine 


diisocyanate 




Fig. 15 
















polyether 


epoxide 






Fig. 18 


Fig. 18, ex. 3 














polythioether 


thioepoxide 






Fig. 18 
















poiydisulfide 


thiol, thiol 




oxidant 


Fig. 11 
















polyoxime 


aldehyde, hydroxylamine 






Fig. 12, 
Fig. 21 
















polyimine 


aldehyde, amine 






Fig. 12, 
Fig. 21 




polyimine 


aldehyde, amine 






Fig. 15 


Fig. 15, ex. 1 














polynucleotides 


nucleoside-S'-phosphoro^ 
methylimidazolldes 






Fig. 12, 
Fig. 21 
















polyamine 


amine, alkyl sulfonate 






Fig. 14" 


Fig. 14, ex.2 














aikane 


alkene 






Fig. 17 


Fig. 17, ex. 1 














aikane 


alkene 






Fig. 17 


Fig. 17, ex.2 














polycycloalkane 


di-diene 


di-alkene 
(benzoqulnone) 




Fig. 15 


Fig. 1 5, ex. 7 














polyvinyl 


vinylchloride unit 






Fig. 17 
















polystyrene 


styrene-unit 




radical initiator, 
AIBN 


Fig. 17 
















polyethylene 


ethylene unit 






Fig. 17 


Fig. 17, ex. 1 
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Protocol for chemical charging of specific tRNAs 



Cloning of specific 
pre- tRNA sequences 
on plasmids 



Chemical synthesis 
of FE-AA, standard, 
non-standard amino 
acids or pseudo 
amino acids 



Preparation of 
plasmid DNA 



Addition of protective 
groups 



Cleavage of plasmid 
DNA for run-off 
transcription (e.g. 
FokX) 



Formation of 
cyanomethyl ester 
derivatives 



pre-tRNA synthesis 



Purification of uniform 
length pre-tRNA 



Purification by HPLC or 
equivalent technique 



Synthesis of pdCpA 
di-nucleotide 



Coupling and removal 
of protective group(s) 



Purify by HPLC or 
equivalent technique 



Ligation 



Purify 



Store at -80 °C 
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An example of a general structure for a set of building blocks. 





NH- 



U G A A 
U CUCG 

G 



G G A 



till 

GAGC 



G 



A 
C 
C 
A 
G-C 

C-G 
G-C 
G:U 
A-U 
U-A 
U-A 

U GACAC 

I I I I I 

C c tOTG UU 

u 

A_G 



CU 



A 
G 
C 



C-G~G 
C-G 
A-U 
G-C 
A-U 
C A 

¥ A 



NNN 



Variable sequence (i.e. anticodon) 
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Examples of anticodon sequences and their corresponding functional entities 



Anticodon:CUG 



Spacer 




OH 



Anticodon:CCG N0 2 



Spacer 




Anticodon:CAG 



Spacer 




OH 



Anttcodon:CCG N0 2 



Spacer 




OH 



Anticodon:GUC 



Spacer 




Anticodon:GUG N0 2 



Spacer 




Anticodon:GUU N0 2 



Spacer 



GP-HN 





Anticodon:GAG 



Spacer 




Anticodon :GU A 



Spacer 




OH 



Anticodon:GAU N0 2 



Spacer 



Anticodon:GGG 



Spacer 
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Bond formation and linker cleavage 




EDC/NHS (pH 8.0) 




o o o o o o 



Photocleavage of linkers (and protective groups) 
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